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PREFACE 

The  work  reported  herein  was  conducted  at  the  Arnold  Engineering  Development 
Center  (AEDC),  Air  Force  Systems  Command  (AFSC),  at  the  request  of  the  Air  Force 
Armament  Laboratory  (AFATL/DUC)  under  Program  Element  62602F,  Project  2567, 
Task  02.  The  AFATL  project  monitor  was  Major  R.  E.  VanPutte.  The  results  of  these 
tests  were  obtained  by  ARO,  Inc.,  AEDC  Division  (a  Sverdrup  Corporation  Company), 
operating  contractor  for  the  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee,  under 
ARO  Project  No.  P41C-A3A.  The  author  of  this  report  was  James  M.  Whoric,  ARO,  Inc. 
The  data  analysis  was  completed  on  November  13,  1975,  and  the  manuscript  (ARO  Control 
No.  ARO-PWT-TR-7 6-14)  was  submitted  for  publication  on  February  9,  1976. 
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1.0  INTRODUCTION 

Wind  tunnel  tests  were  conducted  to  establish  a data  base  on  the  effects  of  external 
stores  on  the  aerodynamic  characteristics  of  the  F-15.  The  tests  were  conducted  in  the 
Aerodynamic  Wind  Tunnel  (4T)  of  the  AEDC  Propulsion  Wind  Tunnel  (PWT)  facility 
utilizing  0.05-scale  models  of  the  F-15  aircraft,  the  Tactical  Electronic  Warfare  System 
(TEWS)  pods,  the  600-gal  fuel  tanks,  the  GBU-15  (CW),  the  AIM-7F,  the  SUU-30H/B, 
and  the  Advance  Short  Range  Missile  (ASRM)  stores.  Static  longitudinal  stability  and  drag 
data  were  obtained  for  all  external  store  configurations  at  Mach  numbers  ranging  from 
0.6  to  1.3.  Angle  of  attack  was  varied  from  -4  to  20  deg  at  a sideslip  angle  of  zero 
deg.  Lateral-directional  stability  data  were  obtained  for  selected  configurations  over  the 
same  Mach  number  range.  For  these  data,  the  sideslip  angle  was  varied  from  -4  to  10 
deg  at  angles  of  attack  of  0,  10,  15,  and  20  deg. 

2.0  APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel  (4T)  is  a closed-loop,  continuous-flow,  variable-density 
tunnel  in  which  the  Mach  number  can  be  varied  from  0.1  to  1.3.  Also,  nozzle  blocks 
can  be  installed  to  give  nominal  Mach  numbers  of  1.6  and  2.0.  At  all  Mach  numbers, 
the  stagnation  pressure  can  be  varied  from  300  to  3,700  psfa.  The  test  section  is  4 ft 
square  and  12.5  ft  long  with  perforated,  variable  porosity  (0.5-  to  10-percent  open)  walls. 
It  is  completely  enclosed  in  a plenum  chamber  from  which  the  air  can  be  evacuated, 
allowing  part  of  the  tunnel  airflow  to  be  removed  through  the  perforated  walls  of  the 
test  section.  A more  complete  description  of  this  test  facility  can  be  found  in  the  Test 
Facilities  Handbook.* 

The  tunnel  4T  support  system  for  the  models  consists  of  a pitch  sector  with  strut 
and  sting  attachment  which  has  a pitch  capability  of  -8  to  28  deg  with  respect  to  the 
tunnel  centerline  and  a roll  capability  of  -180  to  180  deg  with  respect  to  the  sting 
centerline. 

2.2  TEST  ARTICLES 

The  test  articles  were  0.05-scale  models  of  the  F-l  5 aircraft,  the  600-gal  fuel  tanks, 
the  Tactical  Electronic  Warfare  System  (TEWS)  pods,  the  AIM-7F,  the  GBU-15  (CW), 
the  SUU-30H/B,  the  Advance  Short  Range  Missile  (ASRM)  stores,  and  associated  suspension 


*Test  Facilities  Handbook  (Tenth  Edition).  "Propulsion  Wind  Tunnel  Facility,  Vol.  4."  Arnold 
Engineering  Development  Center,  May  1974. 
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equipment.  A photograph  of  the  F-15  configured  with  the  SUU-30H/B  stores,  the  AIM-7F 
stores,  and  the  centerline  600-gal  fuel  tank  is  shown  in  Fig.  1.  Sketches  of  the  F-15  model 
and  wing  panel  are  presented  in  Figs.  2 and  3.  Two  flow-through  inlet  configurations 
were  used  during  these  tests.  Sketches  showing  the  basic  dimensions  of  these  inlets  are 
presented  in  Fig.  4.  The  store  suspension  equipment  used  with  the  various  stores  is  shown 
in  Fig.  5.  The  TEWS,  the  600-gal  fuel  tanks,  and  the  GBU-15  (CW)  stores  were  all  suspended 
from  the  F-15  using  appropriate  pylons  (Figs.  5a,  b,  and  c).  The  ASRM  stores  were  mounted 
in  tandem  and  required  a special  pylon  adapter  (Fig.  5d)  for  proper  suspension,  whereas, 
a MER  (Fig.  5e)  was  used  in  conjunction  with  a pylon  for  the  SUU-30H/B  store  suspension. 
The  AIM-7F  stores  were  fuselage  mounted.  Details  and  dimensions  of  the  0.05-scale  models 
of  the  various  external  stores  mentioned  above  are  shown  in  Fig.  6.  A configuration 
identification  key  is  presented  in  Fig.  7.  Shown  in  that  figure  along  with  the  aircraft 
load  configuration  are  store  profiles  scaled  with  respect  to  each  other.  The  configurations 
are  identified  numerically  for  reference  in  the  remainder  of  this  report. 

2.3  INSTRUMENTATION 

A six-component,  internal,  strain-gage  balance  was  used  to  measure  the  forces  and 
moments  on  the  F-15  model.  Two  base  pressure  measurements  were  made  using  transducers 
and  orifice  tubes  which  extended  just  inside  of  the  base  of  the  model. 

3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS,  PROCEDURES,  AND  TEST  PROGRAM 


The  models  were  tested 

at  the  following  nominal 

test  conditions 

Re  x 10'6, 

M„ 

pt,  psfa 

per  foot 

0.6 

1,200 

1.94 

0.8 

2.30 

0.9 

2.42 

1.1 

2.53 

1.3 

2.50 

In  addition,  configurations  101,  201,  and  206  were  also  tested  at  M,,,  = 0.85,  0.95,  0.975, 
and  1.2. 

The  test  procedures  were  conventional  in  nature,  consisting  of  varying  the  model 
angle  of  attack  incrementally  at  a constant  sideslip  angle,  or  varying  the  model  angle  of 


8 


AEDC-TR-76-73 


sideslip  at  a constant  angle  of  attack  while  holding  the  Mach  number  constant.  The  model 
stabilator  angle  was  held  constant  at  zero  deg  with  respect  to  a model  waterline  throughout 
the  test. 

The  test  program  that  was  completed  is  presented  in  Table  1.  As  indicated, 
configuration  2 1 8 was  not  tested  because  of  a fin  interference  problem.  This  table  provides 
a key  to  all  the  wind  tunnel  data  obtained  during  these  tests. 

3.2  DATA  REDUCTION  AND  CORRECTIONS 

Wind  tunnel  force  and  moment  data  were  reduced  to  coefficient  form  in  the  stability 
axis  system.  Base  drag  was  calculated  using  an  average  of  two  base  pressure  measurements 
and  was  used  to  calculate  forebody  coefficients.  However,  all  data  presented  in  this  report 
are  measured  coefficients.  Moments  were  referenced  to  MS  27.86  (25.65-percent  MAC), 
WL  5.81,  and  BL  0.  Corrections  for  the  components  of  model  weight  normally  termed 
static  tares  were  also  applied  to  the  data. 

The  angle  of  attack  was  corrected  for  sting  and  balance  deflections  caused  by  the 
aerodynamic  loads.  The  model  was  tested  both  upright  and  inverted  to  provide  the  data 
to  correct  for  tunnel-flow  angularity  and  model-balance  misalignment.  Based  on  these  data, 
the  angle  of  attack  was  corrected  as  indicated  by  the  data  presented  in  Fig.  8. 

3.3  DATA  UNCERTAINTY 

The  data  uncertainties  determined  for  a confidence  level  of  95  percent  are  presented 
in  Table  2.  The  aerodynamic  coefficient  uncertainties  include  the  uncertainties  of  Mach 
number  and  dynamic  pressure  along  with  the  uncertainty  contribution  associated  with 
the  particular  balance.  Model  angle  of  attack  uncertainty  has  been  estimated  to  be  ±0.1 
deg  and  model  roll  angle  ±0.4  deg. 

4.0  TEST  RESULTS,  ANALYSIS,  AND  DISCUSSION 

Presented  in  the  following  sections  is  a discussion  of  the  effect  of  the  inlet 
configuration  and  the  effect  of  various  store  configurations  on  the  static  longitudinal 
stability,  drag,  and  lateral-directional  stability  derivatives  of  the  F-15  model.  Coefficient 
data  as  well  as  incremental  data  are  presented  and  discussed. 

The  static  margins  were  evaluated  by  taking  the  slope  of  a least-squares  fit  of  the 
pitching-moment  coefficient  versus  lift-coefficient  curve  over  the  nominal  angle-of-attack 
range  from  -2  to  6 deg.  All  static  margin  characteristics  are  given  from  the  general  moment 
reference  point  of  25.65-percent  chord  and  do  not  consider  the  actual  flight  center  of 
gravity,  which  may  be  substantially  changed  by  the  addition  of  stores. 
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Drag  coefficients  were  evaluated  at  specific  lift  coefficients  from  curve  fits  of  the 
data,  from  which  the  drag  increments  were  then  calculated.  Lateral-directional  derivatives 
were  also  evaluated  from  least-squares  curve  fits  of  the  data  over  the  sideslip-angle  range 
from  -4  to  4 deg. 

4.1  EFFECT  OF  THE  INLET  CONFIGURATION  ON  THE  LONGITUDINAL 

STABILITY  AND  DRAG 

Since  the  F-1S  inlet  configuration  varies  with  aircraft  angle  of  attack,  the  F-1S  model 
was  initially  tested  with  two  inlet  configurations.  One  inlet  configuration  was  representative 
of  the  low  angle-of-attack  configuration,  and  the  other  was  representative  of  the  high 
angle-of-attack  configuration  (Fig.  4). 

A comparison  of  the  data  obtained  with  the  F-15  model  configured  with  these  two 
inlet  configurations  (Figs.  9 and  10)  shows  that  the  static  longitudinal  stability  as 
determined  by  the  slope  of  pitching-moment  coefficient  versus  lift  coefficient  curve  was 
generally  independent  of  inlet  configuration  for  lift  coefficients  up  to  about  0.6.  However, 
the  high  alpha  inlet  did  show  a more  negative  zero-lift  pitching-moment  coefficient  when 
compared  with  the  low  alpha  configuraiton.  At  lift  coefficients  greater  than  0.6,  the  F-15 
with  the  high  alpha  inlet  configuration  was  somewhat  more  stable  longitudinally  than  with 
the  low  alpha  inlet  configuration.  The  drag  was  also  lower  (Fig.  10)  with  the  high  alpha 
inlet  than  with  the  low  alpha  inlet.  Based  on  the  results  of  these  data,  the  decision  was 
made  to  conduct  the  remainder  of  the  test  with  the  model  configured  with  the  high  alpha 
inlet. 


4.2  EFFECT  OF  EXTERNAL  STORE  CONFIGURATIONS  ON 

STATIC  LONGITUDINAL  STABILITY 

To  assess  the  effects  of  the  various  external  store  configurations  on  the  static 
longitudinal  stability  of  the  F-15  aircraft,  four  configurations  were  selected  as  baseline 
configurations.  They  were  configuration  201  (clean,  no  stores  or  suspension  equipment), 
configuration  210  (AIM-7F  and  centerline  600-gal  fuel  tank),  configuration  211  (AIM-7F 
only),  and  configuration  215  (centerline  600-gal  fuel  tank  only).  The  pitching-moment 
coefficient  data  for  these  baseline  configurations  and  the  static  margins  derived  from  these 
data  are  presented  in  Figs.  1 1 and  1 2.  The  data  that  will  be  used  in  the  discussion  of 
the  effects  of  various  external  stores  on  the  static  longitudinal  stability  will  be  presented 
as  incremental  changes  in  static  margin  as  various  stores  are  added  symmetrically  to  the 
armament  stations  of  the  F-15  model.  When  store-alone  increments  are  available  (i.e., 
increments  measured  without  stores  present  at  the  other  armament  station),  the  incremental 
data  are  presented  as  direct  comparison  of  the  static  margin  change  produced  when  a 
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particular  store  is  added  to  the  F-l  5 at  a particular  armament  station  alone,  to  the  static 
margin  change  produced  by  that  same  store  at  the  same  armament  station  when  stores 
were  present  at  the  other  armament  stations.  For  those  stores  for  which  store-alone 
increment  data  were  not  obtained,  the  incremental  data  are  presented  as  single  curves 
for  the  various  configurations  for  comparison.  As  an  additional  aid  in  identifying  the  data, 
the  numbers  of  the  two  configurations  for  which  the  increments  were  calculated  are  listed 
in  the  header  information  of  each  plot.  For  example,  in  Fig.  13,  the  data  represented 
by  the  squares  are  the  incremental  changes  in  static  margin  which  were  measured  when 
the  TEWS  stores  were  added  to  the  clean  aircraft  at  armament  stations  1 and  9.  These 
increments  were  calculated  by  taking  the  difference  between  the  static  margin  calculated 
for  configurations  202  and  201  at  each  test  Mach  number.  In  Fig.  13a,  the  data  represented 
by  circles  are  also  the  incremental  changes  produced  by  adding  the  TEWS  stores  to  the 
F-l  5 at  stations  1 and  9,  but  with  the  F-l  5 carrying  the  centerline  600-gal  fuel  tank. 
Similarly,  in  Figs.  13b  and  c,  the  circles  present  the  static  margin  increments  produced 
by  the  TEWS  at  stations  1 and  9 with  the  model  configured  with  different  stores  at 
the  other  stations. 

The  data  obtained  for  adding  stores  to  the  F-1S  outboard  wing  stations  (1  and  9) 
are  presented  in  Fig.  13,  to  the  inboard  wing  stations  (2  and  8)  in  Figs.  14  through 
18,  to  the  fuselage  stations  (3,  4,  6,  and  7)  in  Fig.  19,  and  to  the  fuselage  centerline 
station  (5)  in  Fig.  20.  These  data  show  that  when  external  stores  were  added  symmetrically 
to  the  F-l  5 aircraft  at  any  of  the  armament  stations,  except  the  fuselage  centerline  (station 
5),  the  effect  was  always  destabilizing  and  essentially  independent  of  Mach  number.  Static 
margin  changes  of  from  2-  to  3-percent  chord  were  produced  by  the  store  configurations 
suspended  on  the  wing  stations  with  the  MER-mounted  SUU-30H/B  stores  producing  the 
largest  change  (Fig.  1 7).  The  AIM-7F  stores  at  the  fuselage  stations  (3, 4,  6,  and  7)  produced 
smaller  changes  in  static  margin  than  the  stores  that  were  added  to  the  wing  armament 
stations.  At  the  centerline  fuselage  station  (S),  the  data  in  Fig.  20  show  that  the  centerline 
600-gal  fuel  tank  usually  had  a stabilizing  effect  on  the  F-l  5 model. 

In  general,  the  changes  in  static  margins  which  were  produced  by  adding  specific 
stores  to  any  armament  station  on  the  clean  configuration  were  larger  than  when  the 
same  stores  were  added  to  the  F-1S  with  stores  present  at  the  other  armament  stations. 
This  fact  is  further  illustrated  by  the  data  presented  in  Fig.  21.  A comparison  is  shown 
between  the  static  margin  change  measured  for  configurations  206  and  217  and  the  static 
margin  change  that  was  computed  by  adding  the  static  margin  increments  measured  when 
each  external  store  in  the  configuration  was  carried  alone  on  the  F-l  5 aircraft.  Summing 
the  individual  components  over-predicted  the  static  margin  change  actually  measured  for 
these  two  configurations,  except  at  Mach  number  1.3.  Also  noteworthy  is  the  fact  that 
the  data  in  Fig.  21a  at  Mach  numbers  0.95  and  0.975  show  that  the  destabilizing  effect 
of  the  external  stores  of  configuration  206  decreased  until  finally  a stabilizing  effect  was 
noted  at  Mach  number  0.975. 
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4.3  EFFECTS  OF  EXTERNAL  STORE  CONFIGURATIONS  ON 

THE  DRAG  CHARACTERISTICS 

The  data  which  show  the  effects  of  the  various  external  store  configurations  on  the 
drag  characteristics  of  the  F-15  are  presented  in  Figs.  22  through  30  as  a function  of 
lift  coefficient.  As  with  the  longitudinal  stability  data,  the  wind  tunnel  coefficient  data 
of  the  baseline  configurations  are  presented  first  (Fig.  22),  and  then  the  incremental  changes 
in  the  drag  coefficients  for  the  various  configurations  are  presented.  The  data  presentation 
for  the  drag  effects  discussion  will  follow  the  same  format  as  for  the  stability  discussion. 
Incremental  changes  in  drag  coefficient  caused  by  adding  stores  symmetrically  to  the 
outboard  wing  stations  (1  and  9)  are  presented  in  Fig.  23,  to  the  inboard  wing  stations 
(2  and  8)  in  Figs.  24  through  28,  to  the  fuselage  stations  (3,  4,  6,  and  7)  in  Fig.  29, 
and  to  the  centerline  fuselage  station  (5)  in  Fig.  30. 

These  data  show  that  the  addition  of  external  stores  to  the  F-15  to  any  armament 
station  always  produced  an  increase  in  drag  at  low  values  of  lift  coefficients  (0  < CL 
0.6).  This  was  also  generally  true  at  the  higher  values  of  lift  coefficients,  but  there 
were  some  cases  of  drag  reduction  (ACD  < 0)  noted  in  the  high  lift  coefficient  range 
(Fig.  23).  Moreover,  in  the  high  lift  coefficient  range,  larger  drag  increments  were  generally 
noted  when  stores  were  added  to  the  F-15  with  stores  present  at  the  other  armament 
stations  than  were  noted  without  stores  present  at  the  other  armament  stations.  This  effect 
was  most  pronounced  at  Mach  numbers  1.1  and  1.3. 

It  is  also  of  interest  to  determine  whether  the  drag  increments  for  external  store 
configurations  consisting  of  different  stores  or  store  configurations  at  several  armament 
stations  can  be  predicted  by  adding  up  the  drag  increments  measured  when  each  store 
or  store  configuration  of  the  multiple  carriage  configuration  was  carried  alone  by  the  F-15 
aircraft.  A comparison  of  such  a summation  of  drag  increments  to  the  total  drag  increment 
measured  for  configurations  217  and  206  is  presented  in  Fig.  31.  These  comparisons  show 
that  the  drag  increment  predicted  for  configuration  217  (Fig.  31a)  agrees  well  at  low 
lift  coefficients  at  subsonic  Mach  numbers,  whereas  at  the  high  lift  coefficients  and  at 
the  supersonic  Mach  numbers,  the  drag  increment  was  generally  underpredicted  when 
individual  increments  were  summed.  This  trend  follows  the  general  trend  noted  above, 
which  was  that  the  presence  of  stores  at  other  armament  stations  generally  increased  the 
drag  increment  of  a particular  store  or  store  configuration.  However,  the  data  for 
configuration  206  in  Fig.  31b  show  that  the  drag  increment  predicted  by  summing 
individual  increments  agrees  well  with  the  total  measured  drag  increment  even  at  high 
lift  coefficients,  except  at  Mach  number  1.3  where  the  drag  increment  was  somewhat 
under-predicted.  It  appears  that  additional  individual  store  data  are  needed  before  any 
definite  conclusions  can  be  made  as  to  the  validity  of  summing  the  drag  increments  of 
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individual  stores  to  predict  the  total  drag  increment  of  an  external  store  configuration 
of  different  stores  at  several  armament  stations.  However,  from  the  data  available  from 
these  tests,  it  appears  that  summing  the  individual  store  drag  increments  did  reasonably 
predict  the  total  drag  increment  of  a multiple  carriage  configuration  at  the  low  values 
of  lift  coefficient  corresponding  to  cruise  conditions. 

4.4  EFFECT  OF  EXTERNAL  STORE  CONFIGURATIONS  ON  THE 

LATERAL-DIRECTIONAL  STABILITY  DERIVATIVES 

Lateral-directional  stability  data  were  obtained  for  five  external  store  configurations 
of  the  model  F-15  aircraft.  Data  were  obtained  at  0-,  10-,  15-,  and  20-deg  angle  of  attack 
for  configurations  201,  203,  206,  and  209  and  at  20-deg  angle  of  attack  for  configuration 
213.  The  lateral-directional  data  for  configuration  201,  which  will  be  considered  the 
baseline  configuration,  are  presented  in  Fig.  32,  and  the  lateral-directional  derivatives 
calculated  from  these  data  are  presented  in  Fig.  33.  The  data  in  Fig.  33  indicate  a marked 
decrease  in  C,^  with  aircraft  angle  of  attack  for  the  clean  configuration  (201)  with 
directional  instability  (Cn<J  < 0)  being  noted  at  a = 20  deg  at  Mach  numbers  1.2  and 
1.3.  The  data  in  this  figure  also  show  that,  as  the  aircraft  angle  of  attack  was  increased, 
an  improvement  in  effective  dihedral  was  experienced  as  indicated  by  the  negative  shift 
in  C^.  Adding  external  stores  to  configuration  201  had  the  effect  of  shifting  Cn/}  negatively 
at  the  subsonic  Mach  numbers  for  all  configurations  tested,  as  can  be  seen  from  the  data 
in  Fig.  34.  These  data  also  show  that  the  addition  of  external  stores  in  general  improved 
the  dihedral  effect  of  the  F-15,  producing  more  negative  values  of  C^.  However,  the 
TEWS  and  the  SUU-30H/B  stores  for  some  conditions  (Figs.  34b,  c,  and  d)  reduced  the 
effective  dihedral  of  the  F-15. 

5.0  SUMMARY  OF  RESULTS 

Transonic  Wind  tunnel  tests  were  conducted  to  determine  the  effect  of  external 
carriage  of  various  configurations  of  stores  on  the  aerodynamic  characteristics  of  the  F-15 
aircraft.  The  tests  were  conducted  with  0.05-scale  models  of  the  F-15  and  external  stores. 
The  results  of  the  analysis  of  the  data  from  these  tests  in  which  the  model  moment 
reference  point  was  constant  at  25.65  percent  of  the  mean  aerodynamic  chord  are 
summarized  as  follows: 

1 . When  compared  with  the  low  alpha  inlet  configuration,  the  high  alpha  inlet 
configuration  showed  a more  negative  zero  lift  pitching-moment  coefficient, 
did  not  significantly  change  the  static  longitudinal  stability,  and  exhibited 
slightly  lower  drag. 
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2.  With  the  exception  of  the  SUU-30H/B  configuration  (206)  at  Mach  numbers 
0.95  and  0.975,  the  effect  of  adding  external  stores  to  the  F-15  model 
at  armament  stations  1 and  9,  and  2 and  8 was  always  destabilizing  with 
respect  to  static  longitudinal  stability  and  essentially  independent  of  Mach 
number.  In  general,  the  stores  produced  a 2-  to  3-percent  chord  change 
in  static  margin  for  the  stores  and  store  configurations  tested. 

3.  Adding  the  600-gal  fuel  tank  to  the  F-15  model  at  armament  station  5 
generally  produced  a slight  increase  in  static  longitudinal  stability. 

4.  Changes  in  static  margins  which  were  produced  by  adding  external  stores 
to  the  F-15  model  at  any  armament  station  were  generally  always  smaller 
when  external  stores  were  present  at  the  other  armament  stations  than 
without  stores  present  at  the  other  armament  stations. 

5.  Summing  the  drag  increments  measured  when  individual  stores  were  added 
to  the  F-15  model  without  other  stores  present  reasonably  predicted  the 
total  drag  increment  measured  for  multiple  carriage  store  configurations  at 
the  low  values  of  lift  coefficients  corresponding  to  cruise  conditions. 
However,  except  at  Mach  number  1.3,  summing  the  individual  static  margin 
increments  overpredicted  the  total  static  margin  increment,  by  as  much  as 
50  percent  in  some  cases. 

6.  Increasing  the  angle  of  attack  reduced  the  static  directional  stability 
derivative  for  the  clean  configuration.  However,  the  effective  dihedral  of 
the  clean  configuration  was  essentially  constant  for  angles  of  attack  up  to 
10  deg.  Above  10-deg  angle  of  attack,  the  the  effective  dihedral  increased 
with  increasing  angle  of  attack. 

7.  At  the  subsonic  Mach  numbers,  adding  external  stores  to  the  clean 
configuration  reduced  the  static  directional  stability  derivative  at  each  angle 
of  attack  for  all  configurations  tested. 

8.  In  general  the  effective  dihedral  of  the  F-15  model  was  improved  at  each 
angle  of  attack  when  external  stores  were  added  to  the  clean  configuration. 
Some  degradation  of  effective  dihedral  was  noted  at  some  conditions  when 
the  F-l  5 model  was  carrying  the  Tactical  Electronic  Warfare  Systems  pods 
or  the  SUU-30H/B  stores. 
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Figure  1.  Tunnel  installation  of  configuration  209, 
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b.  Low-alpha  inlet,  configuration  101 
Figure  4.  Inlet  configurations. 
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Dimensions  in  Inches 

a.  F-15,  0.05-scale  outboard  pylon  model 
Figure  5.  F-15  external  store  suspension  equipment. 
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d.  ASRM  pylon  adaptor 
Figure  5.  Continued. 
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Figure  6.  Continued. 
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Figure  7.  Configuration  identification  key. 
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Figure  9.  Effect  of  inlet  configuration  on  static  longitudinal  stability. 
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Figure  9.  Continued. 
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Figure  9.  Continued. 
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Figure  9.  Continued. 
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Figure  9.  Continued. 
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Figure  1 1.  Static  longitudinal  stability  characteristics  of  the 
baseline  store  configurations. 
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Figure  13.  Effect  of  various  store  loadings  on  the  static  margin  change  caused 
by  adding  the  TEWS  stores  to  armament  stations  1 and  9. 
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Figure  15.  Effect  of  various  store  loadings  on  the  static  margin  change  caused 
by  adding  the  GBU-15  (CW)  store  to  armament  stations  2 and  8. 
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Figure  17.  Comparison  of  static  margin  changes  caused  by  various  store 
configurations  at  armament  stations  2 and  8 in  the  presence 
of  the  AIM-7F  and  centerline  600-gal  fuel  tank. 
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Figure  *18.  Comparison  of  the  static  margin  change  caused  by  adding  one 
ASRM  and  two  ASRM  stores  in  tandem  at  armament  stations 
2 and  8. 
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Figure  19.  Effect  of  the  600-gal  fuel  tanks  at  armament  stations  2,  5, 
and  8 on  the  static  margin  change  caused  by  adding  the 
AIM-7F  stores  to  armament  stations  3,  4,  6,  and  7. 
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Figure  20.  Effect  of  various  store  loadings  on  the  static  margin  change 
caused  by  adding  the  centerline  600-gal  fuel  tank  to  the 
F-15  aircraft  at  armament  station  5. 
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b.  TEWS  + GBU-15  (CW)  + AIM-7F  + centerline  600-gal  tank 
Figure  21.  Static  margin  change  obtained  by  summing  individual  components 
compared  to  the  total  change  measured. 
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Figure  22.  Drag  polars  of  the  baseline  configurations. 
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b.  M„  = 0.80 
Figure  22.  Continued. 
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cL 


e.  = 1.30 
Figure  22.  Concluded. 
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Figure  23.  Effect  of  various  store  loadings  on  the  drag  increment  caused  by  adding  the 
TEWS  stores  at  armament  stations  1 and  9. 
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Figure  26.  Effect  of  various  store  loadings  on  the  drag  increment  caused  by  adding 
12  SUU-30H/B  stores  at  armament  stations  2 and  8. 


and  the  centerline  600-gal  fuel  tank. 
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Figure  28.  (Comparison  of  the  drag  increment  produced  by  adding  one  ASRM 
and  two  ASRM  stores  in  tandem  at  armament  stations  2 and  8. 
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Figure  31 . Drag  increment  obtained  by  summing  individual  components 
compared  to  measured  value. 
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Figure  34.  Effect  of  various  external  store  configurations  on  the  lateral- 
directional  stability  derivatives. 
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Figure  34.  Continued. 
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Table  2.  Aerodynamic  Coefficient  Uncertainties 
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NOMENCLATURE 

BL  Model  butt  line,  in. 

b Model  reference  span,  25.62  in. 

Cp  Drag  coefficient.  drag/q^S 

ACd  Incremental  changes  in  drag  coefficient  caused  by  adding  external  stores, 

positive  values  indicate  a drag  increase  (Values  presented  in  Fig.  7 are 
referenced  to  configuration  201  at  a Cl  of  0.3  and  Mk  = 0.6.) 

Cl  Lift  coefficient,  lift/qJS 

<l  Centerline 

Cg  Rolling-moment  coefficient  referenced  to  WL  5.81  BL  0,  rolling 

moment/q^Sb 

Cgp  Effective  dihedral,  slope  of  a least-squares  curve  fit  of  the  rolling-moment 

coefficient  versus  sideslip  angle  curve  from  4 < p < 4 deg,  per  degree 

Cm  Pitching-moment  coefficient  referenced  to  FS  27.86  (25.65-percent  MAC), 

WL  5.81,  BL  0,  pitching  moment/qJ5c 

Cn  Yawing-moment  coefficient  referenced  to  FS  27.86  (25.65-percent  MAC), 

WL  5.81,  BL  0,  yawing  moment/q^Sb 

C„p  Static  directional  stability  derivative,  slope  of  a least-squares  curve  fit  of 

the  yawing-moment  coefficient  versus  sideslip  angle  curve  from  4 < 0 < 
4 deg,  per  degree 

Cy  Side-force  coefficient,  side  force/q^S 

Cyp  Side-force  derivative,  slope  of  a least-squares  curve  fit  of  the  side-force 

coefficient  versus  angle  of  sideslip  curve  from  4 < j3  < 4 deg,  per  degree 

c,  MAC  Theoretical  mean  aerodynamic  chord  (Fig.  3),  9.564  in. 

cg  Center  of  gravity,  MS  27.86  (25.65-percent  MAC),  WL  5.81,  BL  0 

FS  Model  fuselage  station,  in. 

Mm  Free-stream  Mach  number 
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pt  Free-stream  total  pressure,  psfa 

Free-stream  dynamic  pressure,  psf 

S Model  reference  area,  wing  area,  1.S2  ft2 

SM  Static  margin,  slope  of  a least-square  curve  fit  of  the  pitching-moment 

coefficient  versus  lift  coefficient  curve  from  -2  < a < 6 deg,  fraction  of 
c,  negative  when  aft  of  eg 

ASM  Incremental  change  in  static  margin  caused  by  adding  external  stores, 

positive  values  indicate  a destabilizing  effect 

WL  Model  waterline  from  reference  horizontal  plane,  in. 

a Wing  chord  (and  model  waterline)  angle  of  attack,  deg 

Of  Tunnel-flow  and  model-balance  misalignment  angle,  deg,  positive  for  flow 

upwash 

|3  Angle  of  sideslip,  deg 
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